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Inguinal hernia repair in Japan has commonly been performed via mesh plug repair since 1993, but this method began to decrease in popularity in 2006. In contrast, the use of laparoscopic hernia repair has increased since 2006. The Japan Society for Endoscopic Surgery (JSES) reported that the recurrence rate was less than 1% in 2010 (1) , but the 2012 JSES survey reported that the recurrence rate had increased to 4% after the transabdominal preperitoneal procedure (TAPP) and 5% after the totally extraperitoneal procedure (TEP) (2) . Furthermore, the 2016 JSES survey reported that the respective recurrence rates were 3% and 3.4% in 2015 ( Figure 1 
) (3).
We held 14 training courses with help from Covidien to educate participants on the anatomy of the inguinal region, TAPP and TEP hernia repair methods, and the characteristics of mesh materials. The training course's primary goals were to ensure that laparoscopic hernia repair was being performed appropriately and to decrease the recurrence rate. This study aimed to investigate the effects of training on the recurrence rate after TAPP and TEP.
Materials and Methods
Training was composed of two parts. The first day included an evening lecture on actual suture ligation technique, mesh repair practice using a dry hernia model, and a video lecture on the anatomy of the human inguinal region by qualified surgeons who had passed the JSES Endoscopic Surgical Skill Qualification System examination. The second day included morning lectures on TAPP and TEP, abdominal incisional hernia repair, and the anatomical differences between the inguinal region of humans and animals; in the afternoon, participants practiced animal model TAPP, TEP, and incisional hernia repair.
We created a questionnaire to collect information from participants on changes to their hernia repair methods after they completed the training course and recurrence rates before and after the training course. The questionnaire asked about the length of each surgeon's career, changes in thinking about inguinal hernia repair methods after the course, recently adopted repair techniques, and recurrence rates.
Statistical analysis of the differences before and after training was performed using the Student's t-test and the χ 2 test. P-values less than 0.05 were considered to indicate significant differences.
Results
The number of participants in the first training course in 2011 was 22, and subsequent courses had 17, 16, 20, 27, 23, 22, 23, 18, 23, 25, 26, 24, and 22 participants, respectively, for a total of 300 participants ( Figure 2 ). We received questionnaire responses from 159 trainees (53%). The mean length of the surgeons' careers was 12.7 AE 8.2 years ( Figure 3 ). The annual number of TAPP performed increased from 20.9 AE 29.9 before the training course to 32.4 AE 56.1 after training (P < 0.001) and from 9.5 AE 13.9 to 13.9 AE 16.9 for TEP (P = 0.0218). The annual number of hernia repairs performed via the anterior approach decreased from 153.1 AE 28.4 before training to 28.4 AE 52.2 after training (P < 0.001). The recurrence rate after TAPP was 0.9% before training, and this decreased to 0.4% after training. There was no TEP recurrence rate before training as TEP had not been performed, but the recurrence rate was 0.4% after training ( Figure 4) .
Discussion
Many previous studies have investigated the effects of surgical training on the recurrence rate after inguinal hernia repair (4) (5) (6) (7) (8) . However, the unique technical and cognitive skills required for laparoscopic inguinal hernia repair have not been routinely taught to general surgeons until recently. Each surgeon's initial experience with laparoscopic hernia repair is associated with a distinct learning curve; significant improvements in complication and recurrence rates and overall patient satisfaction can be expected after the initial learning phase. A complete lack of prior experience with laparoscopic hernia repair is associated with a higher rate of conversion and significant increases in complications and hernia recurrence rates (4). According to data collected from a multicenter US Department of Veterans Affairs database, third-year residents had a lower complication rate, operative time, and recurrence rate than first-and second-year residents (5).
For laparoscopic inguinal hernia repair, random parttask (PT), simulation-based training seems to be more cost-effective than whole-task training. A previous study involving 44 general surgery trainees demonstrated that highly complex tasks were best learned via PT training than via whole-task training, with PT practices leading to improved skill retention and transfer (6) . All residents achieved mastery benchmarks; however, trainees in the PT group achieved mastery on average 17 min faster (saving 6.2 instructor hours), used fewer material resources (curricular cost savings of $2380, or $121 per learner), and were significantly more likely to retain mastery level performance at 1-month retention testing. There were no differences between the PT and wholetask groups in intraoperative performance.
Surgical training was traditionally one of apprenticeship, where the surgical trainee learned to perform surgery under the supervision of a trained surgeon. This is time-consuming, costly, and of variable effectiveness. Standard training can be supplemented by training using a box model physical simulator (7) . Simulator-based training is also reportedly useful for learning hernia repair techniques. A previous study involved 17 surgical residents (postgraduate years 2-5) who participated in a didactic laparoscopic inguinal hernia repair course and were then randomized to a training or a control (standard residency) group. Performance of TEP in the operating room at baseline and after training was measured using the Global Operative Assessment of Laparoscopic Skills-Groin Hernia score. After training, operating room performance significantly improved in the training group, whereas there was no significant change in operating room performance in the control group. The final total Global Operative Assessment of Laparoscopic SkillsGroin Hernia scores showed a trend toward better performance in the training group than in the control group. In this previous study, residents who trained to proficiency on the McGill Laparoscopic Inguinal Hernia Simulator showed greater skill improvement than their colleagues who did not, indicating the successful transfer of laparoscopic inguinal hernia repair skills learned while training on a low-cost, procedure-specific simulator to the operating room (8) .
Our laparoscopic hernia master course was composed of a suture ligation lesson using a dry laboratory box, an inguinal anatomy video lecture, and hernia mesh repair practice using a dry box and a swine model. It was an Figure 2 The total number of participants in the laparoscopic hernia repair training course was 306. The number of participants in the respective training courses is indicated above each bar. expensive course, but trainees received hands-on lessons from well-experienced, surgically skilled, qualified surgeons. After training, many trainees started performing laparoscopic inguinal hernia repair in their hospitals, which might explain the low recurrence rates of our trainees compared with the results of the JSES questionnaire.
In the 12th JSES survey, the recurrence rates after TAPP and TEP were higher than expected. The reason for the unexpectedly high recurrence rates was that laparoscopic inguinal hernia repair was being performed without appropriate teaching or training. The high recurrence rate of laparoscopic inguinal hernia repair was unexpected, as the Japanese Ministry of Health, Labour and Welfare had affirmed that laparoscopic repair has a higher operative score than repair methods that use the anterior approach. After the trainees had completed our course, their patients' recurrence rates were lower than those reported in the JSES 2012 survey. Many surgeons who completed our training course had previously received training to perform the traditional anterior approach inguinal hernia repair and already understood the inguinal anatomy of the anterior approach, but they had not had the opportunity to complete laparoscopic repair training. Another factor contributing to the relatively low recurrence rate after our training may have been the length of the participants' postgraduate careers; only six participants had fewer than 3 years of postgraduate experience, and the rest of the participants had more than 4 years of surgical experience.
